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The synthetic aperture focussing techniques are known to be a power-
ful tool in analyzing defects. Instead of the two dimensional SAFT which 
is developed in [1], a simpler version has been realized where a 
manipulator moves a probe or a couple of probes along one line only. 
Therefore the processed image is a B-scan image beneath that scanned line 
pointing in the insonification direction. First experiments have been 
made during an exchange program NRC-BMFT [2] at the end of 1980 at 
Southwest-Research-Institute at San Antonio, Texas. Based upon that work 
a new system has been developed at IzfP called HOLOSAFT [3], where the 
LSAFT part plays an important role in the evaluation of depth extension, 
flaw inclination and positioning. During the past years more than 5000 
LSAFT scans have been recorded and evaluated using either pulse echo 
technique or tandem, longitudinal waves or shear waves. In the following 
the new data acquisition and evaluation system will be explained in detail 
and the practical experience with the LSAFT imaging system will be 
reported. 
TEST FACILITIES 
The system used up till now was based upon a PDP 11/34 computer, 200 
MHz transient recorder and a precise manipulator. In the meantime efforts 
were made to minimize size, weight and costs for the system. The ultra-
sonic part, scanner and processor for data acquisition, reconstruction and 
display have been redesigned completely. The frequency range lies between 
64 kHz and 32 MHz and the burst length can be varied between 1 and 255 
cycles. The transmitted voltage can be turned up to 100 volts into 50 
ohm. The received signal is first amplified by a differential amplifier 
and then by a time-gain-controlled amplifier. The high frequency data are 
digitized by an 8 bit 50 MHz transient recorder with 16 KByte recording 
length. A 220 mm x 300 mm aperture can be scanned with angle encoders for 
x-, y-, and z-axis. Step size, increment, speed and aperture can be 
selected by soft keys or by the computer. 
The digitized data are read via a DMA - 8 bit parallel interface by 
the CPUl (8086) and sent via multibus to a 4 MByte memory of the CPU2. 
The raw RF-signals can be displayed simultaneously during the data 
acquisition. To optimize the data flow, CPUl is used in addition for the 
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scanner control. CPU2 controls the CPU! and stores the data either on a 
5 1/4 inch doppel-floppy disc, winchester disc with 21.6 MByte or on a 
cassette streamer with 60 Mbyte capacity. 
To perform the reconstruction the CPU2 together with the arithmetic 
processor calculates the look-up table, reads the rf-data from the mass 
storage and calculates the image. The reconstructed field of pixels is 
stored completely in the memory. Intermediate results are read 
asynchroneously by the CPU! and sent to the graphic board with a resolution 
of 1024 x 1024 x 4 bit, 30 Hz interlaced. A hard copy can be obtained by 
an inc-jet plotter. An image of the used system and the dimensions of the 
new system are shown in Fig. 1. 
BASIC EXPERIMENTS 
Explanation How LSAFT Works 
Resolution and signal-to-noise ratio can be used to compare the 
quality of imaging systems. Under the assumption of an ideal point source 
and of pulse echo technique, the lateral resolution of ultrasonic holo-
graphy and of SAFT (LSAFT) corresponds to one half of the wavelength. The 
axial resolution, that is, the resolution in the direction of wave 
propagation, corresponds to the pulse length. The positioning accuracy is 
related to the maximum of the pulse and lies within two sample intervals 
of the transient recorder and two neighborhood pixel-points in propagation 
direction. A practical value is 1/5 of the wavelength. Instead of a point 
source, focal probes with a focus in the surface of the specimen or small 
conventional probes are used in contact technique. The size of the probe 
to be selected is a compromise between achievable signal-to-noise ratio and 
lateral resolution asked for. If plane probes are used, the lateral 
resolution reduces to about half of the probe diameter. 
Figure 2 shows an experiment where the probe size has been varied from 
6 mm up to 36 mm. The test block contained seven 6 mm flat bottom holes 
in a depth range between 60 rnrn and 81 mm separated in lateral and axial 
direction by 1, 2, 3, ... 6 mm. With a frequency of 1.8 MHz, the wave-
length is 3.3 mm, therefore the theoretical limit of lateral resolution 
with a point source would be 1.6 mm. 
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Fig. la. LSAFT equipment for data acquisition and in-situ reconstruc-
tion. 
lb. Sizes of the new transportable LSAFT prototype. 
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Fig. 2. Imaging with different probe sizes. 
As can be seen the axial resolution remains constant about 3 mm, the 
lateral resolution is a function of the probe size and varies between 2 
mm and 8 mm. The image size of the holes increases due to the increasing 
point spread function of the system. Flaws smaller than the probe size 
are always imaged too large which results in an oversizing. This is 
important for specular reflecting defects and less important for 
scattering defects. Assuming that an IGSCC-crack has to be imaged one 
would use the highest intensity of the image spots and track the position 
of the reflecting parts of the crack. If the crack tip can be imaged 
again the maximum intensity of the spot would be used to measure the crack 
depth and the so measured crack size would be independent of the probe 
size. Therefore disadvantage of reduced lateral resolution may be of less 
importance, but the possible use of larger probes and therefore of higher 
energy would allow to improve the SNR. In Fig. 2 the signal-to-noise 
ratio has improved by 30 dB replacing the 6 mm probe by the 36 mm probe. 
PRACTICAL APPLICATIONS 
Inspection of a Turbine Shaft 
Early LSAFT reconstruction algorithms were developed for plane smooth 
surfaces and longitudinal waves. After successful tests, corrections for 
non-plane surfaces have been implemented and the algorithm extended to 
use shear wave s in pulse echo and in tandem technique. The f ollowing two 
examples show the ex tended capabilities in the case of an ad-inspection of 
a turbine shaft and an id-inspection of a nozzle. 
A turbine shaft of 11m length and 1.7 m diameter was examined in the 
machine shop. Due to scanner restrictions, we had to use a scanner of 
150 mm aperture, therefore within a very restricted length one could 
record the backscattered waves. Normally one would rotate the turbine 
shaft to recei ve the echoes around the total circumference. 
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Fig. 3. LSAFT image of side drilled holes in a turbine shaft rotor. 
In a first step the implementation of the algorithm to correct the 
surface curvature was checked on artificial defects. Figure 3 shows 
four 6 mm side drilled holes in a depth of 680 mm which could be imaged 
at the right position. 
The TOF-curves are clear and very distinct. The lower curve belongs 
to the central bore hole. Figure 4 shows the image of a part of the 
turbine shaft which contained aluminumoxid precipitations. The depth range 
lies between 500 mm and 780 mm. The data have been taken in circumferential 
direction. The data set consists of 640 RF-signals with a step size of 
the probe of 0.3 mm. Each RF signal was digitized at 2048 different time 
points. The image contains 640 x 1024 image points. At the bottom the 
curvature indicates the image of the central bore hole. This inspection 
demonstrates an extremely high number of scattering centers, the density 
of which increases with increasing depth. Due to the size of the 
scatterers which are small compared to the wavelength (1.2 mm) a sizing of 
the scatterers is not possible. The value of this image lies in the 
positioning accuracy and the separation of all of these indications due 
to the high lateral and axial resolution achievable by SAFT. 
Nozzle Inspection 
One of the main aims of the German reactor safety research program 
is the initiation of natural cracks by thermal cyclic loading and their 
detection and interpretation with advanced methods. To investigate the 
nozzle with an inner-diameter of 184 mm a special manipulator was built 
which allowed to move the probe 360 degrees in step sizes of 0.18 degree. 
Therefore one data set consists of 2000 A-scans. The nozzle has been 
inspected by an asymmetric grinded 70 degree longitudinal probe with 
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Fig. 4. LSAFT reconstruction of the central part of a turbine shaft of 
1.7 m diameter. Probe was scanned in circumferential direction. 
1.6 MHz. To perform the reconstruction a special program was written in 
cylindrical coordinates which allowed to reduce the reconstruction time 
for one complete 360 degree image down to 20 minutes. Due to the perspex 
wedge of the 70 degree probe the TOF within that wedge as a function of 
the actual angle within the sound-field had to be implemented into the 
algorithm. Figure 5 shows a typical reconstruction with a largest indica-
tion of 16 mm depth at 182 degree. Compared to the dye penetrant testing 
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Fig. 5. LSAFT processed image of subcladding cracks. 
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the LSAFT image corresponds to the scanned line drawn horizontally. 
Positions of other surface connected cracks obtained with both methods 
are indicated by small letters. 
Imaging with SH-waves 
Owing to the very special particle displacement of horizontally 
polarized shear waves (SH-waves) the detectability of flaws can be improved. 
This holds especially for an ad-inspection of subcladding cracks in nozzle 
of nuclear pressure vessels. To get a sizing information from the 
received echoes the LSAFT-algorithm can be applied immediately. 
An example will be shown where an electromagnetic transducer (EMAT) 
has been used at 950 kHz. The EMAT probe has 12 elements t o transmit and 
in interlacing technique 12 elements to receive. The side lobes are 
suppressed by a Dolph-Tschebyscheff tapering . The trace wavelength was 
4 mm. The main lobe pointed into the 60 degree direction and spread 
from 45 degree to 90 degree taking the -10 dB amplitude drop. The electric 
burst signal was about 3 cycles, but the actual ultrasonic SH-puls about 
10 cycles. Therefore an axial resolution of about 30 mm could be expected. 
The imaging capability was checked on a testblock with a diffusion welded 
20 mm penny shaped crack, inclined 15 degree. It was placed into a depth 
of about 70 mm. Entering the SAFT algorithm one has t o define the beam 
opening angle. EMAT-probes of the kind used here transmit sound inward 
and backward direction. Therefore in the LSAFT- algorit hm i t was assumed 
that the probe has an angle aperture of 180 degree. Figure 6 demonstrates 
that flaw, backwall, and the four corners have been imaged and that 
imaging with SM-waves of today's available EMAT can now be used in the 
field. 
Imaging in Tandem Technique 
Using tandem t e chnique instead of pulse echo r equires a different 
algorithm. The assumption is that the sound transmitted will be reflected 
at the back-wall with a fixed angle ±a. 
The angles from one of the pixels towards the receiver is arbitrary. 
Tandem technique is most useful for nearly vertical l y ing cracks - see 
[4]. One example will be discussed now. Figure 7 demons trates the 
increased resolution capability within one tandem zone. Due to the time of 
flight correction within the SAFT-algorithm, vertica l lying reflectors with 
border-to-border distances of 2 to 4 wavelengths could be reconstructed 
separately. 
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Fig. 6. LSAFT proces sed i mage wit h SH-waves . 
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Compound Scan LSAFT Image 
As pointed out from the theoretical background - see [4] - the quality 
of a flaw image reconstruction depends upon the frequency bandwidth and 
the viewing angles within that flaws could be seen by the probes. The 
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Fig. 7. Resolution test in tandem technique 6 mm flat bottom holes, 
separated 1 to 6 mm. 
success of many teams is based upon a multi-angle probe system. Until 
now this tool was not used in SAFT-imaging systems. A first attempt to 
implement this capability into the SAFT-imaging system was made by using 
45 probes pointing in opposite direction. The test block had two thermal 
fatique cracks, but unfortunately due to the restricted size of the test 
block only crack no. 1 - Fig. 8 - could be imaged from both sides. The 
complete image was obtained by first adding the positive and negative 
amplitudes in the pixel domain and after that by calculating the envelope 
or the video signal. We had some problems concerning the accuracy within 
the TOF-system but hope with a couple of more experiments to overcome these 
difficulties and in addition to add the vertical insonification with 
longitudinal waves and the signals obtained with the 1/2 skip technique. 
CONCLUSION 
Due to many inspections within the laboratory on test blocks in the 
field on tube sheet plates, nozzles and turbine rotors and within the 
PISC II exercises we are sure that, due to the broad band system, the 
signal-average-capability and easy to use contact technique probes, the 
SAFT-technique is a most powerful imaging system. Until now restrictions 
are not caused by the questions if pulse echo, pitch and catch or tandem 
technique could be implemented or if products of non plane surface could 
be inspected, but by the lack of qualified and easy to use manipulators 
and by the amount of data to be handled. It has been shown that a modern 
design of such a system can be transportable and allows in realtime to 
display the original data to get an overall check. Other ideas not yet 
realized are pointing towards a faster algorithm either by use of a 
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Fig. 8. Compound scan LSAFT image. 
frequency domain SAFT-algorithm or by a special design of the data evalua-
tion system. Both are tools to overcome the separation between searching 
methods with or without analyzing character and the pure analyzing methods. 
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